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The details and results of an ongoing investigation of a sigma-shaped 
cold-formed steel stud subjected to web crippling and axial loading is presented 
in this paper.  Twenty-eight specimens consisting of the sigma-shaped studs and 
end tracks, with a screw connection in between, were tested to failure at the 
North Carolina State University Constructed Facilities Laboratory in Raleigh, 
North Carolina.  The study was devoted to the End One Flange (EOF) loading 
condition in accordance to the American Iron and Steel Institute (AISI) 
Specification.  The tests aimed at studying the web crippling behavior and the 
ultimate crippling capacity of the stud shape in the wall assembly.  Some of the 
tests were conducted with axial load to examine the effect of the axial load on 
the crippling capacity.  This paper presents the results of a series of tests to 
evaluate the web crippling behavior of this sigma-shaped metal stud when 
subjected to lateral load in addition to axial load. 
 
1.  INTRODUCTION 
 
1.1 Overview 
 Load-bearing light steel framing (LSF) systems have gained good 
acceptance in the low to mid-rise construction market in the U.S. in recent years.  
This construction market covers a wide range of building usage, including 
apartment and office buildings, health care facilities, hotels, schools, and 
dormitories.  This rapid spread of usage of LSF systems demanded the 
development of more efficient steel framing products to facilitate faster 
construction, and save on material and labor costs.  For years, standard C-shaped 
metal studs have been the only option for designers and contractors alike when 
selecting a cross-section for load bearing studs.  As design loads for the studs 
get larger with heavier floor systems or at lower levels of mid-rise buildings, 
designers have been required to either use multiple (built-up) C-shaped studs or 
switch to structural steel members (like tube sections).  The need for developing 
higher capacity load bearing studs is apparent as the use of LSF systems in 
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larger structures increases.  Recently, a new sigma-shaped metal stud with 
increased axial load capacity has been developed and produced by The Steel 
Network, Inc. (see Figure 1). The intended use of the new sigma-shaped metal 
stud is in load bearing interior and exterior walls in LSF structures.  When used 
in this type of framing system, it is necessary to understand the load bearing and 
web crippling behavior of the sigma-shaped studs.  To better understand the web 
crippling behavior, a series of tests has been conducted at the North Carolina 
State University Constructed Facilities Laboratory in Raleigh, North Carolina.  
The web crippling tests were conducted with and without applied axial load on 





























































































Figure 1 - Nominal Dimensions of Sigma Sections 
 
1.2 Background 
 The problem of web crippling in cold-formed steel was first studied at 
Cornell University by Winter and Pian (1946) and Zetlin (1955).  Since that 













 altered the AISI web crippling equation.  Hetrakul and Yu (1978) made 
suggestions for changes that were 1986 (ASD)/1991 (LRFD) AISI Standard, and 
Prabakaran (1993) conducted a statistical analysis that provided the current AISI 
web crippling equation, with exception of work done on multi-web decks in the 
2004 AISI Supplement.  The AISI (2005) standard method for web crippling 
testing has also contributed to development of this study.  Though many studies 
on web crippling have been done they have primarily been focused on C-
sections, Z-sections, Single Hat sections, and Multi-web Decks; unfortunately 
none of these shapes resemble the unusual geometry of the sigma shape.  Lewis, 
Schuster, and Fox (2005) conducted a web crippling study that tested stud-to-
track connections that will strongly contribute to the understanding of the sigma 
shape study once completed.  A study done in Finland by Kaitila (2004) on the 
web crippling of cold-formed thin-walled steel cassettes states, “This is 
somewhat similar to the web of a Sigma-section shown... The author has not 
been able to find research results dealing with webs stiffened in this manner…”  
This statement illustrates the need for investigating web crippling of the sigma-
shaped studs. 
 
1.3 Objective and Scope 
 The objective of this study is to examine the web crippling behavior in 
combination with the effects of axial load on sigma-shaped load bearing steel 
studs through experimental testing and analytical investigation.  The 
investigation utilizes End-One Flange loading condition to investigate the web 
crippling strength and failure mode of 28 specimens. The specimen testing was 
split into the three phases as follows: 
 
 Phase 1:  9 specimens with a stiff track subjected to axial loading 
 Phase 2:  10 specimens with a stiff track not subjected to axial loading 
 Phase 3:  9 specimens with a match track subjected to axial loading 
 
In each phase of testing, the same three stud types, which are selected 
from a combination of two stud depths (6 and 8 in. (152 and 203 mm)), two 
flange widths (2 and 2.5 in. (51 and 64 mm)), and three stud thicknesses (33, 43, 
and 54 mils (0.84, 1.09, and 1.37 mm)) are utilized.  The specimens are labeled 
such that the stud depth, stud shape, flange width, and stud thickness could be 
identified from the name.  For example, “600SG200-33-a” defines the following 
specimen: 
• The first number set (600) indicates that the stud depth is 6 inches.  The   
depth, in inches, is multiplied by 100. 
• The two letters (SG) indicate that the stud type is a sigma shape. 
• The second number set (200) indicates that the flange width is 2 inches.  
The width, in inches, is multiplied by 100. 
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• The third number set (33) is the thickness of the stud in mils. 
• The end letter (a) defines which specific specimen in the series is being 
tested.  Stiff track without axial uses the lettering a, b, and c.  Stiff track 
with axial uses the lettering a-ax, b-ax, and c-ax.  Match track with axial 
uses the lettering x, y, and z. 
The test matrix for this study is presented in Table 1.  Details of the 
experimental investigation and a brief discussion of the results are presented 
herein. 
 
Table 1 – Test Matrix 
Designation 




Track Size # of Specimens 





7700 (34.3) 600T125-54 3 










* 25% allowable axial load for stud 
** Inadvertent axial loading of 11.4% in lieu of 25% 
 
 
2.  EXPERIMENTAL INVESTIGATION 
 
2.1 Test Specimens 
The test specimens were designed and tested as End-One-Flange 
Loading (EOF) specimens in accordance with the April 19, 2005 draft of the 
Standard Test Method for Determining the Web Crippling Strength of Cold-
Formed Steel Beams.  Two parallel, 36 inch long studs were tested back-to-back 
to provide lateral and torsional stability.  For Phase 1 and 2 test configurations, 
the sigma studs were connected to a stiff (97 mil (2.46 mm)) cold-formed steel 
track on both ends.  The stiff track on the loading end was attached to the rigid 
surface with two rows of three 5/16” x 1½” (7.94 mm x 38.1mm) bolts to provide 
a rigid connection.  The stiff track was utilized in Phase 1 and 2 testing to 
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preclude the failure modes associated with the track and focus on the behavior 
of the sigma stud.  For the Phase 3 test configuration, the sigma studs were 
connected to a cold-formed steel track of matching thickness on the loading end 
of the specimen.  The track on the loading end of the specimens was extended to 
10 in. beyond the connections and the track was connected to the rigid support 
with one row of three 5/16” x 1½” bolts (7.94 mm x 38.1mm). This configuration 
will allow the track to deform similar to actual in service conditions.  Stiffeners 
were provided at the location of transverse load and at the roller support end to 
prevent crushing of the studs.  Two cross braces were provided away from the 
loading end to prevent lateral torsional buckling of the studs.  Figure 2 illustrates 
the detail of the test specimens for the stiff track (Phase 1 & 2).  Coupons were 
tested to obtain the material properties of the specimens and the 0.2% Offset 
Yield values are as follows: Stiff 33 – 60.5ksi (417MPa), Match 33 - 57.5ksi 
(396MPa), Stiff 54 – 52.9ksi (365MPa), Match 54 - 56.8ksi (392MPa), Stiff and 
Match 43 – 50.5ksi (348MPa).  Phases 1 and 3 will be tested with at 25% of the 
allowable axial load and this value represents a simulated dead load. 
2.2 Test Setup 
 The test setup utilized in this test program is illustrated in Figures 3, 4 
and 5.  The test setup complies with the EOF Loading condition as specified in 
the AISI Standard (2001) for web crippling tests.  Both the stiff track (Phase 1 & 
2) and match track (Phase 3) specimens have the same basic setup with the 
exception of how they are connected at the unstiffened loading end of the 
specimen.  The other end of the specimen rested on a steel roller which was 
placed under the flange of the end track.  This steel roller was supported by two 
25 kip pancake load cells, one directly underneath each of the supported studs.  
A short steel HSS section was bolted to the top flange of both of the test studs at 
the loading point for the purpose of applying equal load to each of the studs.  A 
25 kip load cell and a spherical bearing block were placed directly in the middle 
of the steel HSS section at the loading point.  The center of the load cell lined up 
with a 60 ton hydraulic jack supported by a steel test frame which was attached 
to the laboratory strong floor.  For the specimens that included an axial load, a 
steel HSS section was placed at the non-loading end of the specimen with a 
constrained steel roller between the steel HSS section and the test specimen.  
Another HSS section was placed on the outside of the wide flange that the 
specimen was connected, and these two axial HSS sections were connected 
using two steel threaded rods.  Two 30 ton hydraulic jacks were placed on the 
threaded rods along with two 50 kip pancake load cells at the non-loading end of 
the specimen.  The two pancake load cells were used to measure the load and 





A. 600T125-97 or 800T125-97 End Caps (End Caps are of the same size with 
exception of matching thickness to the stud for Match Track) 
B. (4) 362S162-43min Web Stiffeners (2) at rear support, and (2) at loading 
point.  Attached with (4) #10 Screws. 
C. (2) Lateral Torsional Buckling Restraints - Location determined by loading 
point location.  Attached with (2) #10 screws on each end. 
D. Test Studs, Size Varies 
E. Loading Point, 1 ft from the unsupported side. 
F. Each Stud attached to track with one #10 screw on each side 
G. (6) 1/4" (6.4 mm) Nuts and Bolts with Washers to simulate PAF 
Attachment (Only (3) Nuts and Bolts of the same size for Match Track) 
H. 24 in. (610 mm) for Stiff Track (40 in. (1,016 mm) for Match Track) 
 
Figure 2 – Stiff Track Test Specimen Details 
























(b) Plan View of Test Setup 






















Figure 5 – Photograph of the Loading End of the Specimen 
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Ten linear potentiometers were used for instrumentation in this study.  
Two potentiometers were placed on the top and bottom of each stud on the 
loading end of the specimen, and these measured displacements will provide 
information on the deformation of the stud.  The out of plane web deformation 
was measured using potentiometers placed perpendicular to the web of the studs 
at mid-depth on the loading end. These measurements were used to observe the 
onset of web crippling. In order to measure the maximum deflection at the 
loading point, potentiometers were connected to the bottom of each stud.  
Finally, potentiometers were connected lengthwise down each stud in order to 
measure any axial shortening that might occurred due to the application of axial 
load. 
 
2.3 Test Results 
 The twenty-eight web crippling specimens were tested to failure and 
the load-deformation response of the specimens was recorded to observe the 
onset of web crippling.  Typical plots of the web crippling load versus vertical 
stud deformation at the loading end and web crippling load versus out of plane 
displacement of the web are presented in Figures 6 and 7.  In addition, a 
photograph of a typical failure showing the crippled stud and the pullout of the 
top screw is presented in Figure 8.  
 
 
























Figure 6 - Load vs. Deformation at End (800SG200-43-a) 
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Figure 7 – Load vs. Lateral Deflection of Web (600SG250-54-c) 
 
 
Figure 8 – Photograph of Typical Failure (600SG250-54-z) 
1/16 in
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A summary of the test results is presented in Tables 2, 3, and 4.  
Included in the tables are the maximum applied crippling load per stud and the 
crippling load at 1/16 in (1.59 mm) lateral deformation of the stud web.  The 1/16 
in. (1.59 mm) deformation limit was established as a reasonable limit for the 
onset of web crippling in the sigma stud sections.  Each phase has a total 9 (with 
exception of Phase 2) tested specimens, and within each phase 3 stud sizes are 
tested three times (600SG200-33, 600SG250-54, and 800SG200-43). 
 
 
Table 2 – Test Results for 800SG200-43 Specimens 
Applied Maximum Applied 
Crippling Load at 
1/16" (1.59 mm) 
Axial 






Stud Average Per Stud Average 
Specimen 
lbs (kN) (lbs) lbs (kN) (lbs) lbs (kN) 
a 1,118 1,007 
b 1,088 1,006 











ax 1,774 1,513 
b-











x 1,916 918 















Table 3 – Test Results for 600SG200-33 Specimens 
Applied Maximum Applied 
Crippling Load at 
1/16” (1.59 mm) 
Axial 




Stud Average Per Stud Average 
Specimen 
lbs (kN) (lbs) lbs (kN) (lbs) lbs (kN) 
a 851 512 










a-ax 1,071 882 
b-










x 1,005 832 













Table 4 – Test Results for 600SG250-54 Specimens 
Applied Maximum Applied 
Crippling Load at 
1/16" (1.59 mm) 
Axial 




Stud Average Per Stud Average 
Specimen 
lbs (kN) (lbs) lbs (kN) (lbs) lbs (kN) 
a 1,379 728 











ax 1,989 1,662 
b-











x 2,337 1,167 













 The failure mode of all specimens was web crippling, but occasionally, 
most often with the stiff track phases, screw pullout was also observed.  Lateral 
deformation of the sigma stud was observed from the onset of loading, but the 
presence of the screw limited this deformation. The studs continued to hold load 
with the screw, but once the screws pull-out from the top flange of the stud the 
deformation continued at an increased rate.  The web crippling strength 
continued to increase at this accelerated rate for a short period of time until the 
web experienced collapse and the test was stopped.  The match track specimens 
experienced screw pullout less often than the stiff track specimens because the 
track flange deforms at the screw, and this dimple deformation transfers more of 
the load resistance from the screw to the stud. The bends in the web geometry of 
the sigma section leave the stud susceptible to web crippling; however, screw 
attachment to the track provides significant lateral strength of the wall 
connection assembly.  This can be seen in Figure 9, which shows the 
progression of the web crippling failure of a 6 in. (152 mm) stud.  The 
progression of failure of the 8” (203 mm) studs was similar except that an 
additional kink formed in the lowest vertical portion of the web. 
 
 
Figure 9 – Progression of Failure in a 6 inch Stud 
 
 The description of the failure progression illustrates the considerable 
contribution of the screw to the web crippling strength, but it does not reveal the 
significance of axially loading the specimen.  The first two phases of testing 
allowed a comparison to be made to determine the significance of axially 
loading the specimen.   All specimens were intended to be tested at 25% 
allowable axial load to simulate the minimum dead load, but the 600SG250-54 
series was inadvertently tested at 11.4%.  Comparison of the presented results 
reveals that the addition of axial load significantly increases the web crippling 
strength.  For the 33, 43, and 54 series of tests, the web crippling strength 
increased 17%, 34%, and 51% with the application of the axial load.  
 
676 
3.  CONCLUSIONS 
 The details and results of an ongoing test program on the web crippling 
of sigma-shaped cold-formed steel members has been presented.  Three different 
sized studs were tested within specimens that were split between three phases.  
All specimens were tested with one of the four AISI loading conditions (EOF).  
The match track specimen is more representative of what will be used in field 
construction, but testing the stiff track specimens gives insight into the effect of 
the axial loading and a more accurate understanding of the web crippling 
behavior of the stud. 
 
 Comparing the two phases that involve the stiff track provides an 
answer to how the specimen will be affected by the addition of axial load.  The 
experimental results show that the addition of axial load will increase the 
ultimate web crippling load.  In the specimen, the axial load will negate any 
spacing that exists between the end of the stud and the track to which it is 
connected.  It is a logical to assume that the axial load will increase the web 
crippling load considering resistance is created from the cross-section of the stud 
is rubbing on the track. 
  
 This set of experimental data is extremely valuable for the pursuit of a 
better understanding of the sigma shape in regards to web crippling with axial 
loading, but this small set of tests has only scratched the surface of this subject.  
Testing needs to be continued with more consistency between the variables, 
such as stud depth and flange width.  Also, more thicknesses need to be 
investigated so that any non-linear trends will not only be based on three 
thicknesses.   
ACKNOWLEDGEMENTS 
 
 Funding and materials for this test program were provided by The Steel 
Network, Inc. of Raleigh, North Carolina.  Their gracious support of this testing 




A Web flat 
B Stud width 
C Web return (parallel to flange) 
D Stud depth 
E Web return (parallel to web flat) 
EOF End-One Flange Loading 
d1 Return lip (parallel to web flat) 
d2 Return lip (parallel to flange) 
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h Flat dimension of web measured in plane of web 
N Web inside 
R Inside bend radius 
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